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NATIOPIAL ADVISORY CO"ITCE3 FOR AFiRONAWICS 

By James R. Peele 

A flight investigation 0% the section a d  p a e l  ch,sxecteristics and 
loads obtained from pressure neesurements  over a 35O sweptback w h g  at  
level-flight, lifts has been d e  through the M?.h nunber ra?3ge of 0.65 
to 1.14. Tbe sec-lion pressure dis t r ibut iors  at the  root, midspan, and 
t ip  stztions  varied fran a subsonic  type of distribution a% a I h c h  nm- 
ber of 0.65 t o  a sunersonic  type 0-7 dlstribution at  Mach nunbers above 1.0. 

The spanwise loading over the will* panel, wMch wzs ell i-ptical  in 
shape at a Yach nmber of 0.65 with the lateral center of pressure  located 
a t  about 44 percent  pmel semispan, increased over the t ip   mea   near  a 
bhch nmber of 1.0 with a resultix!! outboard shift i n   l a t e r a l   c e r t e r  of 
pressure of approximately 5 percent. With an iccrease i n  bkch number 
t o  1.14 the spanwise loadhg  returned t o  a loading s b i l a r  t o  that at sub- 
sonic speeds  with the lateral center of pressure at about, 45 percent of the 
p a l  semispan. Tkre w i n g - p e l  chordwhe  center or" pressure was located 
at 25 percent  panel ?ne=- aeroaynan?ic chord at 8 "ach number of 0.65 and 
lroved forward t o  azo-and 20 percerrt panel mean aerodynardc chord with an 
increase i n  14ach cumber t o  0.80. At Mach nmbers above 0.80 there was  a 
rearwezd znovenent of panel chordwise center of pressure t o  about 44 per- 
cent p a e l  mean aerodynmLc chord at a Mach nurrber of 1.0 followed by a 
forward movenient of the panel chordwise center of pressure  to a position 
Of around 37 percerrt peneel Eeas aeroaynamic chord at  e, b k C h  number of 1.14. 
The theoretical   relative spm loaiiing a d  lateral center-of-pressure 
location showed very good agreemznt with experinental data at  a Mach 
number of 0.65. 

Swept -wing  f1ight research data were obtzined by the National Advisory 
Carrslittee for Aeronautics dwiw a series of deznanstra-bion f l i gh t s  of the 



air-launched  version or" the Douglas D-558-11 (rocket and turbojet)  
research airplme at  E d w z d s  Air Force Base, C a l i f .  For the demonstra- 
t i on   f l i gh t s  NClCA instrunefitation was used i n  obtaiving data pertinent 
t o   t i e   j o i n t  Air Farce-Navy-NACA transonic flight resewch srogram. 

The res-dts of an Lnvestigation of the load  d3.stribution on the 
l e f t  w i n g  pme l  obtained by nems of pressure-distribution  Eeasurenents 
a t  f ive  span stat ions  &zing rocket-t-drbojet powered level f l i gh t s   t o  
Mach numbers or' 1.14 are  presented  In this paper. 

SYMBOLS 

w i n g  semisgan (150 in. 1 
span-wise dlstance from stat ion 6 t o  w i n g  t i p  (U in . )  

wing-panel nornal-force  coefficient, 2Y' 
b '  

wi??g-panel pitching-ament  coefficient  about  quarter-chord 
r1 

point of psnel mean aero6ynad.c  chord, 5./o %(E) 2 d 2 y I  b' 

loca l  wing chord, pa ra l l e l   t o   p lme  of symmetry unless 
otherwise  noted 

average  chord of wing panel (77.7 in.  ), Sl/b' 

mean aerodynamic chord of wing panel (80.44 in . ) ,  

bt /2  
2/S' r c2dy' 

JO 

section pitching-moment coefficient about local  quarter- 

chord point, s,' -PR (g - 0.25) d 5 
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P 

P 

p2 

P O  

PU 

a_ 

S 

S '  

W 

X 

section pitching-moment coefficient  about a lir-e  nerpendicula 
to  longituainal axis of aiqdane, passfng through 
quaker-chord  point or' mean aerodynmic chord of 

wiw p&qel, s,' -PB (" i- 205.3 - 2.5% - Om25")d 
c 

Note: Chord terns   in  second frection of integrand ere' 
i n  inches 

sect ion  coml-force  coeff ic ier t ,  

acceleration cue t o  gradty,   f t /sec2 

free-stream Nach  nuufber 

airplane ~10md acceleration, g units 

pressure  coefficient, P - Po 
9 

crit ical   pressure  coefficieat;   pressure  coefficient corse- 
spondir?g t o  a l o c d  Mach number of 1.00 

resultant  pressure  coefficient, 
.Dz - Pu 
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l oca   s t a t i c   p re s su re ,  ~ b / s q  f t  

locel   s ta t ic   gressure on lower surface, lb/sg f t  

free-stream  static  pressure, lb/sa_ f t  

l o c d   s t a t i c   p r e s s u r e  on upper s w f a c e ,   ~ b / s q  ft 

f ree-s t rem d-c pressure,  lb/sq ft 

wing mea,  tncluding area projected thro-ugh fuselege 
0 7 5  sq ft)  

area of wing panels  outboard of station 6 ,  the j8-icch 
spmwise  station, (120.87 sq ft) 

aimlane gross weight, lb 

distance  along  local chord Trom lezdir-g edge, ft - 
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X 
CP 

wing-panel chordwise center of pressure,  percent c '  

Y spmwise  distance  outboard of airplazle  center  line, f t  

Y' spanwise distance  outboard of s ta t ion 6, f t  

y 'cp wing-panel l a t e rd  center of pressure,  percent b'/2 

aA airplane  angle of attack, deg 

l e f t  aileron  position,  (positive down), de@; 
6aL 

Subscripts : 

1 Conditions measured normal t o  30-percent-co1mon-chord l i n e  

The Douglas D-558-11 airplanes have sweptback wing G d  ta i l  surfaces 
and were designed fo r  Mach numbers  above 1 .O. Both slats exd stall- 
control vanes o r  fences are incorpore;i;ed on the wiw of the airplane. 
The w i n g  slets can be locked i n  the  closed  position o r  unlocked and 
allowed t o  assume a position which i s  a function of tk angle of attack. 
The data preseoted i n  this paper sre with  the slats locked in  the  closed 
position. Photographs of the airplene are shown i n  figme 1 and a three- 
view  drawing is show- i n  figlire 2 .  Pertinent  airplane dimensions and 
characterist ics are l i s t e d   i n  table I. 

The profiles and ordinates of N"!A 63-series  airfoils  presented 
i n  tables I1 an6 I11 are f o r  the root and t ip   sect ions normal t o  the 
30-percent-common-chord line, respectively. The wit! test panel con- 
sists of the L e f t  w i r g  outboerd of statio= 6 (2y/b = 0.256) an-d is 
shown in   f i gu re  3.  Pressure  orifices used are  located at five  stations 
on the wi-ag t e s t  panel.  Stations 6 and 7 are i n  a s t r e w i s e   d i r e c t i o n  
and stations 3 t o  5 are  perpendicular t o   t he  30-percent-comnon chord 
( f ig .  3 ) .  T.zble I V  shows the measured chordwise position of the pres- 
sure orif  ices. 

IKSTRLKfINTATION 

Standard NACA instruments  pertaining to  the  pressure-distribution 
rr;easwements were in s t a l l ed   i n  the airplane a d  measured the following 
quantities : 
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Airspeed 
Altitude 
Nornal acceleration a t  center of g r a d t y  of the airplane 
Airplme -le of attack a d  sideslip  angle 
Aileron and s l ~ t  positions 

All instnments were synchronized by nears of a comnon timer. 

A n  NACA high-speed pitot-static  tube inco-rporating awe-of   -a t tack 
and yzw vm-es was moutted on a b o m  0.95 nsxi r run  fuselage dhneter for- 
WEU-d of the  aose ol" the   a iq lane .  The position  error  introduced by the 
pressure field i n  the  vicinity of the tube w a s  cd ibra ted  from M = 0.55 
t o  M = 0.80 by the  "fly-by" method and for  M above 0.80 by the NACA 
rsdar phototheodolite method as presemted in reference 1. The angle-of- 
attack  vahes have cot been corrected f o r  position errors. 

Wing-suzfece pressures were measured. from flush-type  orifices 
ins ta l led   in   the  wing skin md recorded by NACA multiple-cell  recording 
mometers  . The or i f ices  were connected  by  1/8-inch  inside-dhmeter 
tubing t o  the II1Etrlolr;eeters located i n  the instrwzent  cwartr@e?lt beh5nd 
the  pilot .  The l e w t h  of tubing  varied from about 10 f ee t  a t  root, ste- 
t ion  t o  25 f ee t  & t ig   s ta t ioc .  

Wing pressure-distributioz dzta were recorded  during  fUghts to 
izvestigate  the naxinum Mach nu-ber  aktalnable  with  the  airplme, whtch 
was accelerated frm low t o  lllwimum Mach  number in en d t f t u d e  range of 
30,000 to 40,000 feet. Fram these data,  flight  conditions were selected 
to  detemine  tne  effects of Mach nmber on the w l n g  pressure  distribu- 
t ion.  The selected data presented  herein &re fo r  a CH*= 0.30 for  the 
Mach  number range of 0.65 t o  0.90, C = 0.10 fo r  Mach Ember range 

of 0.90 t o  1.04, and C = 0.20 f o r  Mach nmber rarge 02 1.04 t o  1.1k. 
NA 

NP- 

Keasurren;ents of the  surface  pressure over tne upper and lower sur- 
faces of the w i n g  test   panel  relative t o  the free-stream  static  pressure 
were  =de for   s ta t ions 6 and 3 across  the complete chord; at s t s t ion  7, 
rearwzrd of 70 percent  chord, and a t  stations 4 and 5 forward of 10 per- 
cent chord. Di f fe ren t id  pressure measurements vere made over the rem 
90 percent of the chord for   s ta t ions 4 and 5 .  

A t  s te t ion 7, the chordwise pressure  distributions  for  the first 
30 percent of the chord were faired between values of individud pres- 
sure  coefficients  established over the first 5 percent of the chord and 
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vdues meas7ned  res-rwzrd of the 30-percent-chord point. The vcilues of 
the  individuzl  press-sre  coefricients used  over the first 5 percent of 
s tz t ion 7 were obtained frm spanwise plots  of the upper- and lower- 
s-srface  pressure  coefficients of stations 3, b,  etld 5 as shown i n  
figure 4. 

S t r e m i s e  chord loading  plots were obtained frm- spanwise plots  
of the reszltant pressure  coefficients  for  stations 3, 4, and 5 .  A 
typical example is shown in   f igure  5 .  The spw-wise locations of the 
cew chorciwise stations were taken at the 50-percent-chord point of the 
chords normal t o  the 33-percent corrmon chord. The location  placed  the 
faired  values a t  a n m h u  distance of 19 inches from the measured 
value. . 

Section  coefficients were obtained by mechanical integration of 
the chordwise gressure  distribiitions. Wir!!-ganel coefficients were 
obtailcled by mechvlical  integretion of spmwise distributions of loads 
ami moments. 

PRESENTATION OF DATA 

Presented in   f igure  6 are selected  pressure  distributions  for t’ne 
upper and lower swfsces of the wi-ag a t  two streamwise stations,  root 
and t i p ,  that show the changes in   l eve l - f l igh t  chordwise loading as the 
Mach  number i s  increased from 0.65 t o  1.14. Included in   the   f igure   a re  
vdues of free-stream Yach number, gmel  nornal-force  coefficient, air- 
p l e e  mile  of attack, left-aileron  deflection, and cr i t ical   pressure 
coefficient. The upper- m& lower-surface press”rre distributions for  the 
midspan- s t a t i o c ,   n o m 1   t o   t h e  30-percent  comon  chord, for   the same 
coaditions as presented in   f igure  5 are  presented  in  figure 7. - 

A s m a r y  of section  pitching-nonent  coefficients  about  the 
25-~ercent-local-chord  point for the  section  pressilre  distributions 
presented in   f igures  6 and 7 is  ?resented i n  fTgure 8. 

The streanvise  section  load  dlstributions for five  spanvise 
stations  presented  in Tig-me 9 are  for the sane  corditions es presented i n  
fFgures 6 and 7. Vzlues of free-stream Mach number, airplane normal-force 
coefficient,  integrated  section norrrai-force coefficient, and lez”i;-aileron 
deflsction  are  inclu2ed  for  eac3  distrycution. 

Frox the streaxwise 10.~3 distributions of f i g w e  9, spanwise t o t a l  
load  distributions and pitching-moment distributions  about e l ine  
gerpendic-alar t o  the longitildinal sxis of the  airplane  passing  through 
the 25-percent  chord of Yfie  mean aerodymmic chord of the wing panel 
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were obtained m d  Ere presented il?- f igwe  10. ValEes of free-stream 
Mzch Ember and panel no&-force coefficfent  are  included. 

Sime t'le loadings in   f igure 10 are oot a t  a constant  ganel  no&- 
force  coefficient,  the  relgtive  span loadir!! of the test panel f o r  vari- 
ous Mach nudoers i s  given in   f igure l.l t o  present a clearer  picture of 
the wic;-pmel-loadLng variation w i t h  Mech nmber. Also included is the 
theoretical  aCid&tional span  loading f o r  M = 0.65 o'btdned from reference 2. 

Figure 3-2 presents the wing-penel chordwi-se and  sganwise center-05- 
presswe  variztioo  through  the Mach  number range t o  a Mach  aumber of 1.14. 
The t'Ieoret2ca.l spanwise center of pressu_re for  M = 0.65 (ref .  2) i s  
included fn figure 12. 

DISCUSSION 

Section  Characteristics 

The shase of the  upper-surface  pressme  distributions for  the  root, 
midspe,  and t i p  statiom shown in  f igures 6 and 7 vzries frm z subsollic 
triangular t D e  of distribution  noted zt hl = 0.65 t o  the  rectangular 
distribution shm- a t  M = 1.14. This change frm a triangular d i s t r h -  
butioc With peak negative  pressures over the leading edge followed by a 
gradud  presswe  recovery over t h e   r m f n i n g  chord t o  a more nearly  rec- 
tan-gular distribution czuses a rea-rard shift i n  loading with increase 
i n  Mach number.  The t ransi t ion from the  subsonic t o  the supersonLC tme 
of dLs-lributiol.1 is not of a smooth g r a d d  nature because of the forma- 
t i o n  snd move?nent of the  conpression shock  over the ugper surface. In 
the level-flight  condition  presented, one of the first indications ol" 
local  shock To-mtion is at  a Mach nmber of 0.80 end occurs a t  35 t o  

z very small region of supercrithcal flow at  &I = 0.80, but it would be 
d i f f i c d t  t o  t r y   t o  fix the shock position below z Mach mmiber of 0.88 
because of tce effect  of the  fuselage  interference on the pressures 
recorded a t  the root  station. At this Mach nmber  the shock occu-rs a t  
&pproxin?ztely  75-percent-chord position. The first strong indication of 
a shock a t  %he t i p  s ta t ion occurs a t  35- t o  40-percent-chord position a t  
a Mach r-imber of 0.88. With increase i n  Mach  number the  pressure dis- 
tr ibutions  for all stations indicgte z rearward n0veEen-L of the upper- 
surface  cmpression shock m-Li l the  shock reaches E position of asproxi- 
-mately 80 t o  90 percent of the  ressective  chards. These shock gositions 
are  reached a;t the  root znd  midspan- s t a t iom zt Mach nmbers or" approxi- 
m t e l y  0.90 end 0.93, respectively, and seem t o  ren in   =ear ly   s ta t ionery  
with furt'ler increase  in Mach nunher.  Although at a Msch nmber of 1.14 
ti7-e shock reaches z position of about 85 percent of t??e chord zt t he   t i p  

- 40 percent of the chord of the  nidspm  stztion. The root  s ta t ion shms 

- 



station,  there is no indication  that it w i l l  remain stationary at th i s  
gosition  since tk shock is  contiruing  to move rearward  through tiie 
lhit of these  tests (M = 1.14). 

The pressure  distribution over the lower surface  presented i n   f i g -  
ures 6 and 7 shows l i t t l e  change f o r  the root and midspn  sections wikh 
increase i n  Mach nmber  other t'hm a gradual  decrease i n  gressures  rear- 
ward of the  leading-edge  region. There are no indications of any strong 
shocks  forming on the lower surface a t  these two stst ions.  However, a t  
the   t ip   s ta t ion  a compression shock form at about 35- t o  40-percent- 
chord position a t  a Msch  number of 0.88. This position and Mach nurber 
are  the same as were noted for  the  formation of the upper-surface shock, 
but Vie rearward novement of the shock on the lower surface, a t  Mach 
n-ambers above 0.90, 2recedes  the shock novenent on the upper surface 
and caases  a  region of d m  load t o  exis t  between the two shock positions. 

The section pitching-moment variations  through  the Mach  number 
range  presented in   f igure 8 show an overall  stable  varistion  in  section 
pitching moments about the  section  quarter-chord  point E t  the root and 
midspan stations wit'n increase  in bhch Eunber for the  level-flight con- 
dition. The sectioc  pitching  nozent a t  the t ip   s ta t ion  exhibi ts  an 
w-stable  varistion  with  increase  in Mzch  number t o  a Mach nmber of 
around 0.88, but at Nach nmbers above 0.88 the  variation of section 
pitching monent with increase  in Mach nmber shows a stable  trend as 
noted a t  the root  and ddspan  stations.  However, from root   to  t i y  
t'nere is  a definite positive  increase  in  the  individual  sectiofi  pitching 
momeats at a l l  Mach nmbers. 

The chordwise loadings at five spm-wise stations  presented  in  f ig- 
ure 9 show l i t t l e  or no spanwise variation from a triangular type  loaiiiag 
a t  a Mach nmber of 0.65. Vith  increase  in Mach  number the loading tends 
t o  increase over the rearward portion w i t h  a  corresgonding  decrease over 
the forward portio2 of  the chords forming a zoore nearly  rectangular or 
tmifom  tme loading. This trm-sition of the streamwise  chord loadings 
seems t o  s t a t  first a t  the r o o t  s ta t ion and progress  out toward the  t ip .  
At all sganwise stations  other than at tine root there is a decisfve 
reduction Fn chord loading behind the shock; and because the  lower-surface 
shock precedes t'ne upger-surface shock at   the  t5.y station, a region of 
d m  load  exists. This d m  load is  more pronounced a t  the  t ip   s ta t ion,  
diminisbdng as it moves inboard and rearward. 

Wing-Panel Chrac ter i s t ics  

The wing-panel load  distributions shown fn figu-re 10 indicate 
changes i n  spanwise loading  occurring through the Mach nmber  renge. 
Inasmuch as  the data of figure 10 are fo r  level-flight  conditions and 
are  not at a  constant  narmal"force  coefficient,  the changes i n  spanwise 
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loadings which occur w i t h  increase i n  Mach Ember e;re shown more clearly 
when presented as relat ive spvlwfse  load  distributiom  (fig. 1-11. The 

terds t o  increase over the first 60 percent or" the  panel  sefispm and t o  
decrease  over  the  ouL-r portio= w%th arr increase  in  ~%ch number t o  a 
Pkch  nulnber of 0.93. R fur ther   imrease  in  Mech  number brings  about an 
increese  in loadiFs over the outer 40 percent of the  pa-el witin a decrease 
over the inboad 40 percent a t  Mach numbers ne- 1.0. This increased 
Loading over  the t i p  bxs disappezred at a Mach  number of 1.lb w i t h  the 
sgm-lo& dis t r ibut ion  again  being  e l l ipt ical   in  shape  except fo r  a 
slight  decrease  in  loading over t5e  inboard 20 nercect of -the wing parel. 

. spenwise loading, which is e l l i p t i c d   i n  shzpe a t  a Mach n-aber of 0.65, 

The theoretical   relative span loeding md lateral  center-of-pressure 
gosLtion f o r  the  additioml air load over the w i n g  panel at a Mach  number 
of 0.65 obtained f r a  reference 2 show very good agreemnt with the exper- 
irnentzl data (figs.  11 and 12).  The slight  underestimation OF the  load 
over the  outer  portion of the wi-ng panel amoun_ts t o  a s h i f t  i n  the loca- 
t i o n  of the la teral   center  of p re s sue  of less tln_m- l gercent of gvlel  
senispan. 

The la teral   center  of pressure of the wing panel remains relatively 
constmt a t  about 44 percell-l of the  panel sedspan frm a Mach number 
of 0.65 t o  0.95 as evidenced in   f igure  12. This result shows tha t  t ke  
changes in span  loadings  noted i n  figwes 10 an-d 11 for  the Mach  number 
range of 0.65 to 0.55 are not   ref lected  in  a h terd cecter-of-pressure 
movement; however, the  tip  loading Eoted previously a t  Ikch llunbers 
near 1.0 does r e s u l t   i n  an  outboard shift or" the  laterLl  center of pres- 
sure or" .zpproxinately 5 percen-l. Increesirg  the Mach  number t o  M = 1.14 
brings abodt an inboard mo-mneEt of the la teral   center  or" pressure  to 

sirce  the panel spn loa6ing  (figs. 10 and 11) has re turned  to  a more 
e l l i s t ica l   d i s t r ibu t ion .  

* about 45 percert of the wing-panel sefispm, whxLch i s  t o  be expected 

- 
As stated beTore, since the data  ?resected  are  not a t  constmt l i f t ,  

the ssanwise distributiocs of pitchicg-nan;ent  coefzicient shm- i n  fig- 
ure 10 do not rezdily indicate  the s t a b i l i t y  c b q e s  encountered tbmmgh 
the Mach nmber   rage .  For these  level-fl ight  l if t   colldit ions t'he paoel 
chordvise  center-of-presswe movercent through  the Mach Ember range 
(fTg. 12) indkates   the changes i n  s t s b i l f t y  emerienced by the -&ng 
pvlel h i th  increasing Mach number. There is a slight decrease i_n_ wing- 
pan-el s t eb i l i t y  frm a Mach Ember of 0.65 t o  0.80 as evi-delzced by the 
I'orwzrd movment of the  pmel chordwise ceEter of pressure xcp from a 
velile of 25 percent or" the  panel =em &eroaynanic  chord a t  M = 0.65 
t o  a2proxinately 20 percent chord at 54 = 0.80. For Mach nmbers 
ebove 0.80 the ?=el chordwise center of pressure moves rearward t o  
about 44 percent of th= parre1 jzem aerodynen5c  chord at a luc~ch Ember 
of around 1 .O followed by a fom-asd noveent  t o  arount5 37 percen"l of the 

- 
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p m e l  mean aerodynamic chord at 2 Mach  number  of 1.14. No attempt has 
been nade t o  evaluate the severity of the  stabil i ty  reversal   occurring 
between a Mach mnbber of 0.92 and 0.95 since the data are a t  different  
norrcal"force coefficierrts. 

Results of the  pressure  measuremnts  over  the l e f t  wiw of the 
Douglas D-558-11 research  airplane  during low-lift f l i g h t  show thz t :  

1. The press-me distributions a t  t'ne root, midspan, an& t i p  sta- 
ticns  vary frorr, a subsonic  triangular  type of distribu%ion at a Mach 
number of 0.65 t o  a nore  nearly  rectangular type of distribution at  a 
Mach n;*Llber above 1.0. 

2. The panel spanwise load  distribution was e l l i p t i c a l   i n  shase 
a t  a Each nunber of 0.65 with the la teral   center  of yessure  occurring 
at about 44 percent of the  panel semispan. A t  a Mac3  number of ap2roxi- 
mately 1.0 t-ne panel loadil7-g increased  over  the  tip  area, which resulted 
irr an outbcard s3ift of the  lateral.  center of press-ae of apgroximtely 
5 percent;  but w i t h  e. further  ir-crease i n  Mach  number t o  1.14 the  panel 
spanwise loading  returned  to  the  subsonic  type of loading w i t h  tke kt- 
eral   center  of pressure moving inboard t o  amut 45 percent of the  panel 
semispm. 

3. The panel chordwise cer;ter of pressure was  located a t  25 per- 
cect cf the p m e l  m e a n  aerodynamic chord a t  a Mach  number of 0.65 and 
moved forwzrd to  apsroxlhately 20 gercent chord a t  a Mach  number of 0.80. 
Increasing  the Mach nm-ber above 0.80 resu l ted   in  a  rearwzrd movement 
of %he gai-1~1 chordwise center of pressure t o  around 44 percent  ganel 
mean aerodymmic chord a t  a Mach  number  of 1.0, and a t  a Mach  number 
of 1.1b the  panel chordwise center of pressure moved forward t o  around 
37 percent  pEe1 Tean aerodynanic  chord. 

. 



4. The re la t ive  spa- loadirg md IEteral ce~ter-of-pressure  loca- 
tion predicted by theory showed very good agrement  with  experinental 
date, at  EL ~ a c h  cumber of 0.63. 

Langley Aeronauticd  La%oratory, 
Ne,tionzl Adv5sory C m i t t e e  f o r  AeromtM.cs, 

Langley Field, VEL., December 22, 1953. 

1. Zalovcik, John A.: A Redzr Method of Calibrsting Pirsgeed Installa- 
tions of Aimlanes i n  Maneavers at H i g h  Altitudes and at  Transonic 
and SupersoDic  Speeds. J!UCA Rep. 985, 1950. (Supersedes MC!A 
TJ!l 1979 1 

2. DeY0u.r-, Jobn: Theoretical   Adfii t iod Span Loadir!! Characteristics 
of Wir-gs with Arbitrary &deep, Aspect  Ratio, and Taper R&tio. 
NACA TN 1491, 1947. 
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FISICAL CHARACTERISTICS OF TaE DOUGLAS D-558-11 BIRP- 

wing : 
Eoot airfoil section (nomal t o  0.30 chord of 

unswept panel) . . . . . . . . . . . . . . . . . . . .  
Tip a l r fo i l   sec t ion  ( n o m 1  t o  0.30 chord of 

unswept panel) . . . . . . . . . . . . . . . . . . . .  
Total area. sq f t  . . . . . . . . . . . . . . . . . . .  
s p a .  f t  . . . . . . . . . . . . . . . . . . . . . . . .  
Mesn aerodynamic chord. i n  . . . . . . . . . . . . . . .  
Root chard ( p a r d l e l   t o  plane of symaetry). i n  . . . . .  
T i p  chord (pa ra l l e l   t o  plane of synmetry). i n  . . . . . .  
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . .  
Aspectrat io  . . . . . . . . . . . . . . . . . . . . . .  
Sweep at 0.30 chord of unswept pm.el. deg . . . . . . .  
Sweep of leading edge.  deg . . . . . . . . . . . . . . .  
Incidence at fuselage  center  line. deg . . . . . . . . .  
Dihedral. deg . . . . . . . . . . . . . . . . . . . . .  
Gem-etric t w i s t .  deg . . . . . . . . . . . . . . . . . .  
Total  aileron ares. (rearward of hiwe l ine) .  sa_ f t  . . .  
Aileron  travel  (each). deg . . . . . . . . . . . . . . .  
Tota l  f l ap  area. sq f t  . . . . . . . . . . . . . . . . .  
Flag travel. deg . . . . . . . . . . . . . . . . . . . .  

Horizoctal tail: 
Root e i r f o i l  sectioc (normal t o  0.30 chord of 

unswept panel) . . . . . . . . . . . . . . .  
T i p  s i r fo i l   sec t ion  (normal t o  0.30 &or& of 

w-swept p a e l )  . . . . . . . . . . . . . . .  
krez  (including  fuselage). sq f t  . . . . . . .  
span. In . . . . . . . . . . . . . . . . . . .  
Mean eerodymmic ckord. i n  . . . . . . . . . .  
Root chord (parallel   to  plane of symmetry). i n  . 
Tip  chord (parallel t o  plane or’ symmetry). i n  . 
Taper r a t i o  . . . . . . . . . . . . . . . . .  
Aspect ratio . . . . . . . . . . . . . . . . .  
Sweep a t  C . 30 chord l i ne  of unswept paael. deg 
Eihedral. deg . . . . . . . . . . . . . . . .  
Elevetor mea. sa_ f t  . . . . . . . . . . . . .  
Elevetor  trEvel. deg 

LJp . . . . . . . . . . . . . . . . . . . . .  
Dawn . . . . . . . . . . . . . . . . . . . .  
Lezding edge us . . . . . . . . . . . . . .  Stabi l izer   t ravel .  deg 

Leading edge down . . . . . . . . . . . . .  

. . . . .  

. . . . .  . . . . .  . . . . .  . . . . .  . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  

. . . . .  . . . . .  

. . . . .  . . . . .  

NACA 63-010 

NACA 631-012 
. . .  175.0 . . .  25.0 . . .  87.301 . . .  108.51 . . .  61.18 . . .  0.563 . . .  3.570 . . .  35.0 . . .  30.0 . . .  3.0 . . .  -3.0 . . .  0 . . .  9.8 . . .  k15 . . .  12.3 . . .  50 

NACA 63-010 

NACA 63-010 
39.9 . . .  143.6 . . .  41.75 . . .  53.6 . . .  26.8 . . .  0.50 
3.59 . . .  40.0 

. . .  9.4 

. . .  0 

. . .  25 . . .  1-5 

. . .  4 . . .  . 5 



TABU I.- Concluded 

. 

Vert ical   ta i l :  
Airfoil  section (nomad. t o  0.30 chord of 

uzswept pan-el) . . . . . . . . . . . . . . . . . . . .  NPCA 63-010 
k e a .  sq ft . . . . . . . . . . . . . . . . . . . . . . . . .  36.6 
Height from fuselage  center  line.  in . . . . . . . . . . . . .  98.0 
Root chord (parallel  to  firselage  center  liEe). i n  . . . . . . .  146.0 
Tip  chord (parallel  to fuselage  cecter  line).  in . . . . . . .  44.0 
Sweep mgle st 0.30 chord of unswept pm.el. deg . . . . . . .  49.0 
Rudder mea (rearward of hinge l ine) .  sq I"% . . . . . . . . .  6.15 
Ritdder trsvel. deg . . . . . . . . . . . . . . . . . . . . . .  125 

Fuselege : 
Leng-Lh. f-t . . . . . . . . . . . . . . . . . . . . . . . . . .  42.0 
~aximm f imeter .  ir . . . . . . . . . . . . . . . . . . . . .  60.0 
Fineness r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  8.40 
Speed-retarder  area. sq -+t . . . . . . . . . . . . . . . . . .  5.25 

Zngines : 
Turbo j e t  . . . . . . . . . . . . . . . . . . . . . . . . .  J-34-TVE-40 
Rocket . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ ~ 8 - m f - 6  

-4irplLde  veight. Ib : 
Full J e t  and rocket fuel . . . . . . . . . . . . . . . . . . .  13. 069 
N l  j e t  f'uel . . . . . . . . . . . . . . . . . . . . . . . .  11. 891 
No fue l  . . . . . . . . . . . . . . . . . . . . . . . . . . .  10. 351 

Center-of-gravity  locations.  percent M.A.C.: 
Full j e t  and rocket fuel (gear  up) . . . . . . . . . . . . . .  22.9 
Full j e t  f u e l  (gear up) . . . . . . . . . . . . . . . . . . .  24.3 
NO fuel  (gear up) . . . . . . . . . . . . . . . . . . . . . .  26.1 
No fuel  (gear d m )  . . . . . . . . . . . . . . . . . . . . .  25.6 

. 
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TABLE I1 

PROFILE AND ORDINATES OF ROOT SECTION 
(NACA 63-010 AIRFOIL) 

[Stations and ordinates  given i n  percent o f  local chord] 

Station,   prcent  chord 

Stat ion 
0 

0 5  
075 

1.25 
20 5 
5.0 
7.5 

30 
1 5  
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 



TABU I11 

PROFILE AND ORDINATES OF TIP SECTION 
(NACA 631-012 AIRFOIL) 

[Stations and ordinates given i n  percent of  local chord] 

10 I 

U 20 

Station3  percent c h a d  

S t s t i o n  
0 

05 . 75 
1.25 
2.5 
5 ..O 
7.5 
10 
1 5  
20 
25 
20 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 

UFper surface 

0 
0985 

1.174 
1.529 
2.102 
2.925 
3.542 
4.039 
4.799 
50 342 
5.712 
5 .920 
6.000 
5.920 
5.704 
5.370 
4.935 
4.420 

Lower surface 
0 

985 
-1.194 
-1. 519 
-2 . 102 
-2.925 
-3 . 542 
-4.039 
-4.799 
-5.34.2 
-5.712 
-5.950 
-6 . 000 
-5 .?20 
-5.7c4 
-5.370 
-4.935 
-4.420 
-3. e40 
-3.210 
-2.556 
-1 -902 
-1.274 

-0  707 -. 250 
0 
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E l r i f i ce  
m m b e  r 

1 
2 
4 
6 
8 

10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
E2 
34 
36 
58 
40 

I I I 

t 
. .  percent chord 

T , n M  - 
O r i f  ice  
number 

3 
5 
7 
9 

11 
13 
1 5  
I7 
19 
21 
23 
25 
27 
29 
3 1  
33 
35 
37 
39 
40 

I 
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e- 
" 

(a) Front overhead view. 

L-82072 
, (b,) Side view. 

Figure 1.- Photographs of the Do-@as D-558-11 research eirpkce. 
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F i g u r e  2. - mzee-viekr drawing of Douglas D-558-11 zirplane. 
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Figt,re 3. - LacatioT: of press-me-orifice statioos. 
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Stat ion 
0 3  
I3 11 

0 5  
-" 7 

P 

Span, in. Span, in. 

Upper surf ace Lower surface 

Figure 4. - Examp1.e of spanwise  plot of individual. pressare coefficients 
over leading edge of wing tip. 
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1.6 

1.2 

00 

.b 

0 

Span posi t ion of 
f aired stations 

0 20 40 GO 80 100 120 140 160 

Span, in. 

Figure 5.- Ty-pical. spanwise p1.o-t of resatant pressure coefficients over 
the wing panel.. 
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E 

-1.0 
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0 

C 

.5 

1.0 

1.5 

-1.0 
d -.-I 
fl 

0 

6 ., 
1.@ 

1.5"""'"" 

-1 .C 

-.e 

0 

0 

. 4  

1.c 

1.5 
0 20 40 EO 80 100 o zc bo bo 80 100 

Percect chcrj ,  x/c Percect cho-d, x/c 

Figure 6.- Chordwise pressure distribution et root azd t i p  stations. 
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Figure 6.- Concluded. 
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-1.0 
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0 

3 
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I .O 

1.5 
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- e  .. 
0 

0 
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I .o 
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1 .O 

1.c: 

I 
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Percent ckcrd, (x/cIl 
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Percen: ctc-d ,  ( X / C ) ~  

Figare 7.- Chordwise pressure distribution at midspan station located 
norm1 to 30-percent-comon  chord  line. 
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Figure 8.- Variation of the section pitching-Eoment  coefficient with 
Mach nuciber. 
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2y'/S'  = 0 

-, 
2 y  '/b' = 0.598 

2 .c! 
1. j 

1.0 

.< 
0 

-.5 

2.0 

1.5 

1.0 

.5 

0 

C 20  40 60 80 100 

?ercent chord, x/c Fercer-t chord, x/c 

(a) :V: = 0.65; CTA = 0.23; (b) M = 0.80; CpiA = 0.23; 

EaL = 1.50. SaL = 1-50. 

Figure 9.- Chordwise load Oistribution over the wing panel. 

__. 
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Figure 9.- Continued. 
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?V'/b' = 0 

. .  

?.O 

1.5 

1.0 

.5 

0 

-. 5 

2yf/b I = 0.795 

2.c 

1.5 

1 .e 

c ., 
0 

-. 5 

-1.0 

0 2c 40 6C 80 loo 0 29 40 60 80 100 

Percent cnol-d, X / C  Percent chord, x/c 

( e )  M = 0.90; cEA = 0.22; 
6 q  = 1.20. 

(f) M = 0.93; C N ~  = 0.23; 

Sq = 1.20. 

Figxre 9. - Continued. 
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Figure 9.- Continued. 
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Figure 9.- Concluded. 



( E )  M = 0.65; Cm' = 0.22. (f) M = 0.93; Cm' = 0.26. 

(e) M = 0 . 9 ;  CN' = 0.23. ( 5 )  M = 1.14; CN' = 0-25. 

Figure 10.- Span load ma Ditching-mment  CistrLbutions over the 
wing panel. 
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Pigme 11.- Relative spen loading of wing panel. 
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Figure 12.- Varietion of spanxise md chordwise centers o r  pressure of 
the wing panel xith Mach cumber. 
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